Myc is a transcription factor that significantly contributes to cancer progression by modulating the expression of important genes through binding to a DNA sequence, CACGTG, called E-box. We find that on Myc binding to chromatin, the lysine-demethylating enzyme, LSD1, triggers a transient demethylation of lysine 4 in the histone H3. In addition, we demonstrate that Myc binds and recruits LSD1 to the E-box chromatin and the formation of this complex is stimulated by cAMP-PKA. Demethylation by LSD1 produces H 2 O 2 , which locally oxidizes guanine and induces the recruitment of 8-oxoguanine-DNA glycosylase (OGG1) and of the nuclease Ape1 on the E-box chromatin. Inhibition of oxidation or silencing of LSD1, OGG1 or Ape1 significantly reduce transcription and inhibit mRNA accumulation of Myc-target genes. Collectively, these data highlight the role of transient LSD1-mediated demethylation of H3K4 leading to local DNA oxidation as driving force in the assembly of the Myc-induced transcription initiation complex.
Introduction
The basic building blocks of chromatin are the nucleosomes composed of DNA wrapped around a histone octamer. The N-terminal tails of histones are subjected to different post-translational modifications: phosphorylation, ubiquitination, acetylation and methylation, which affect chromatin structure and transcription (Berger, 2007; Kouzarides, 2007) . It has been shown that transcriptional activation is linked to H3K4, H3K36 and H3K79 methylation, whereas transcriptional repression is associated with H3K9 and H3K27 methylation (Kouzarides, 2007) . Furthermore, lysine residues can be mono-, di-or trimethylated, and it has been suggested that each methylation state represents a specific epigenetic marker with a precise biological meaning in transcription (Shi, 2007; Cloos et al., 2008; Kirmizis et al., 2009) .
The c-myc proto-oncogene is an essential activator of cell proliferation and one of the genes most commonly deregulated in cancer (Cowling and Cole, 2006; Eilers and Eisenman, 2008; Meyer and Penn, 2008) . The Myc protein binds to a multitude of sites in the human genome; it has been estimated that 15% of all promoter regions in the human genome are potentially Mycbinding targets Guccione et al., 2006; Zeller et al., 2006) . Once bound to its targets, Myc introduces changes on chromatin. It is known that Myc can interact with several histone modifiers resulting in hyperacetylation of histones and transcriptional activation (McMahon et al., 2000; Frank et al., 2001; Frank et al., 2003; Vervoorts et al., 2003; Secombe et al., 2007) . Despite the large bulk of information on Myc-induced histone acetylation, little is known about the effects of Myc on histone methylation (Secombe et al., 2007) . Large-scale or quantitative chromatin immunoprecipitation (qChIP) with probes specific for various histone post-transcriptional modifications shows that Mycbinding targets can be classified in specific groups, characterized by different histones marks (Guccione et al., 2006; Martinato et al., 2008) .
To find the link between histone modifications induced by Myc and transcription, we have examined the consequences of specific changes of methylation marks in the histone H3 tail, by using a conditional Myc expression system. We focused our attention on two Myc-target genes, Ncl (nucleolin) and Cad (carbamoyltransferase-dihydroorotase), selected from high-affinity E-box human Myc-regulated promoters with high levels of H3K4 methylation (Guccione et al., 2006; Martinato et al., 2008) .
Our data indicate that Myc binds to the E-boxes sequences of Ncl and Cad and triggers a transient demethylation of H3K4me2 before significant changes in local histone acetylation become apparent. We find that Myc binds and facilitates the recruitment of the lysine-specific demethylase, LSD1 (Shi et al., 2004; Shi, 2007) , to the E-box chromatin. Both the binding and recruitment of LSD1 are stimulated by cAMP-PKA or serum. LSD1 is a flavin adenine dinucleotide (FAD)-containing enzyme, which generates H 2 O 2 during the demethylation process (Forneris et al., 2005; Anand and Marmorstein, 2007; Lan et al., 2008 ). Oxidation of guanine by H 2 O 2 recruits components of the base excision repair system, the 8-oxoguanine-DNA glycosylase, OGG1, and the Ape1 lyase (Sidorenko et al, 2007; Tell et al., 2008) on the E-box and promoter chromatin regions of Myc-target genes. According to these results, inhibition of oxidation or silencing of LSD1, OGG1 or Ape1 significantly affects Myc-induced transcription.
Collectively, these data suggest a mechanism for the initiation of transcription induced by Myc and highlight the role of LSD1-mediated demethylation of histone H3K4 as a driving force in the assembly of the transcription initiation complex of Myc targets.
Results
Myc induces H3K4 demethylation cycles on the E-box chromatin Myc binds the E-box regions in the genome containing the hexanucleotide 5 0 -CANNTG-3 0 (Cowling and Cole, 2006) . The chromatin context, the so-called 'histone code', determines the binding and possibly the transcriptional outcome. However, notwithstanding extensive analysis of chromatin regions activated or repressed by Myc, up to now there is no clear definition of the chromatin domains recognized and modified by the protein.
qChIP with various probes targeting histone posttranscriptional modifications indicates that Myc-responsive regions are characterized by specific histone marks. High-affinity Myc-binding sites are marked by methylation of lysine 4 in the histone H3 tail, a signature of transcriptional activation (Guccione et al., 2006; Zeller et al., 2006; Martinato et al., 2008) . We have focused our attention on two prototypic Myc-target genes, Ncl and Cad, showing high levels of H3K4 methylation and we have analyzed the methylation changes on Myc expression.
We have used the Rat-MycER cell line (Littlewood et al., 1995; Gargano et al., 2007) in which the MycER protein is activated on treatment of the cells with tamoxifen (OHT). The cells are serum starved for 2 days and then are treated with OHT and serum.
To assess Myc and RNAPII occupancy on Ncl and Cad genomic sites in a precise temporal frame after Myc activation, we carried out qChIP analysis on upstream (US), transcription start site (TSS), E-box and coding regions (CRs) of Ncl and Cad genes at 0, 30, 60 and 240 0 after Myc activation. Figure 1 and Supplementary  Figure 1 show that Myc is recruited (30-60) on the E-box of both genes and it accumulates progressively with the time. Stabilization of the MycER protein following OHT treatment ( Supplementary Figures 2a and b Figure 2c) . Comparing the relative site occupancy of RNAPII on TSS and CR, we can speculatively suggest a transcription cycle induced by Myc with a period of 45-60 0 . Acetylated histone H4 steadily accumulates on the TSS and CR of both genes, peaking 240 0 after Myc activation. We have analyzed the methylation marks on these regions following Myc binding, focusing our attention on lysines 4 and 9 of histone H3. Figure 2 (Ncl gene) shows that H3K4me3 and H3K9me2 levels remain stable except for a slight demethylation of H3K4me3 on the E-box chromatin after Myc binding (0-30). H3K4me2, on the other end, undergoes demethylation on the TTS and E-box on Myc binding. H3K4me2 levels return to the basal level 4 h after Myc activation. On the US chromatin, H3K4me2 levels decrease at 30 0 and rapidly return to the basal level at 60 0 . Similar changes in H3K4me2 and me3 are detectable on the chromatin of Cad gene (Supplementary Figure 1) .
The description of the changes in H3K4 methylation, following Myc binding on the E-box chromatin, suggests that Myc-induced transcription is accompanied by cycles of methylation and demethylation of lysine 4 in histone H3, before the robust burst of H4 acetylation. These data confirm and extends the notion that H3K4 methylated chromatin characterizes high-affinity Myc promoters (Guccione et al., 2006) .
Myc recruits LSD1 on the chromatin and triggers H3K4 demethylation
The results shown in Figure 1 indicate that, on Myc binding, H3K4me2 is subjected to demethylation. As H3K4me2 is a substrate of the lysine-specific demethylase, LSD1 (Forneris et al., 2008) , we have investigated the recruitment of this enzyme on Ncl and Cad chromatin. Figure 2 and Supplementary Figure 1 show that LSD1 is transiently recruited on Ncl and Cad sequences shortly after Myc activation. Although Myc binding increases over time essentially on the E-box, LSD1 binding is observed predominantly on the E-box and TSS regions but it is also seen on the US sequence and CRs. The recruitment of LSD1 to the chromatin of these Myc-induced promoters is an early and transient event, which overlaps to the wave of H3K4me2 demethylation. This result suggests a functional relation between LDS1 recruitment and H3K4me2 demethylation.
To gain further support to this hypothesis, we knocked down LSD1 expression with specific small interfering RNAs (siRNAs) and analyzed Myc binding and H3K4me2 levels on the E-box chromatin. We found that the specific siRNA did not affect Myc recruitment to the E-box chromatin ( Figure 3a) ; conversely, demethylation of H3K4me2 was significantly inhibited in samples in which LSD1 was silenced. In LSD1-silenced cells (Figure 3b , lanes 5 and 6), Myc failed to induce the transcription of Ncl and Cad genes. Furthermore, LSD1-silenced cells transfected with the LSD1 expression vector recovered Myc-induced transcription (Figure 3b , lanes 7 and 8). Note that transient expression of LSD1 in control cells stimulated the levels of Cad and Ncl mRNA only in the presence of Myc (Figure 3b, lanes 3 and 4) .
These data indicate that Myc-induced transcription requires LSD1 and suggest that Myc recruits LSD1 on E-box chromatin. To test this hypothesis, we immunoprecipitated Myc with specific antibodies and probed the immunoprecipitated proteins for the presence of LSD1. Figure 3c shows that Myc specifically interacts with LSD1, suggesting that Myc binds to LSD1 and recruits the enzyme on the E-box chromatin. To determine whether Myc and LSD1 coexist within the same protein complex resident in the Ncl E-box sequence, we carried out sequential ChIP. In such assay, an initial ChIP was performed with the Myc antibody. The precipitated chromatin-DNA complex was washed and eluted and a second immunoprecipitation (IP) was carried out with the same Myc antibody, the LSD1 antibody and a control IgG. As illustrated in Figure 3d , sequential ChIP shows the presence of LSD1 in the same Myc protein-DNA complex.
As LSD1 is present also in other regions different from the E-box, it is likely that additional factors, perhaps the RNAPII, are able to recruit LSD1 to the chromatin. Nevertheless, the re-ChIP experiment, showing that LSD1 and MycER co-occupy the E-box, and the coimmunoprecipitation of Myc and LSD1 indicate that Myc and LSD1 form a tight complex on the E-box chromatin. 
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Mitogenic stimuli cooperate with Myc to recruit LSD1 to Myc targets One important question left unanswered by the data presented here is the following: is Myc by itself able to assemble a productive transcription initiation complex by recruiting LSD1 on the E-box chromatin or other complementary factor(s) are needed to complete and trigger the transcription? We find that Myc in the absence of serum poorly stimulates the transcription of Ncl or Cad genes (Supplementary Figures 3a and b and Frank et al., 2001; Schlosser et al., 2005) . Similarly, in Rat-MycER cells, OHT induces a slower Myc accumulation on the E-box, when compared with cells stimulated with OHT and serum (Supplementary Figure 3c and Frank et al., 2001) . Comparing the ChIP data in cells treated with OHT or OHT þ serum, we find that recruitment of LSD1 to the E-box and promoter regions is efficient, but slower in the absence of serum (2 versus 1 h) (Figure 4a ). On the other hand, serum does not substitute for Myc in the induction of transcription of target genes, because in rat cells with inactive Myc (MycÀ/À), serum is unable to stimulate transcription of Myc-induced genes ( Supplementary Figures 3a and b ; Frank et al., 2001) . Taken together, these data suggest that other factors present in the serum cooperate with Myc to efficiently assemble a productive transcription initiation complex.
LSD1 is phosphorylated and phosphorylation can be modulated by growth factors (Olsen et al., 2006 and AB et al., manuscript in preparation) . In the LSD1 protein, there is a sequence at the NH-terminus, very similar to the PKA consensus motif, which is phosphorylated in vivo (Olsen et al., 2006; and A B et al., manuscript in preparation) . This suggests that cAMP-PKA may 3) shows that cAMP stimulates the interaction between LSD1 and Myc and that the catalytic subunit of PKA is also present in the complex. 
To demonstrate a direct effect of the putative PKA site at the NH-terminus of the protein, we have introduced a point mutation in the LSD1 PKA consensus sequence by substituting the threonine with alanine and we have tested the mutant protein for binding to Myc and PKA. Figure 4d (lanes 4-5) shows that the LSD1PKAmut 
LSD1-induced H3 demethylation drives Myc transactivation
S Amente et al shows a reduced affinity for Myc and PKA. Finally, we tested the ability of cAMP to cooperate with Myc to induce transcription. Figure 4e and Supplementary  Figure 4c shows that expression of wild-type LSD1 amplifies cAMP and Myc effects, whereas the expression of the LSD1PKAmut inhibits cAMP and Myc-induced transcription of Ncl and Cad genes (Figure 4e and Supplementary Figure 4c) . Collectively, these data indicate that cAMP, induced by different metabolic signals, cooperates with Myc to induce transcription of target genes.
DNA oxidation marks Myc-target sites
Myc recruits LSD1 on E-box and promoter chromatin. LSD1 is an FAD-containing enzyme, which generates Figure 5a shows a significant labeling of the nuclei (8-oxodG foci) after the addition of OHT. OHT treatment of isogenic Rat1 cells did not induce nuclear labeling, suggesting that the effect observed was dependent on Myc. Accordingly, silencing of Myc expression with specific siRNA significantly reduced nuclear 8-oxodG labeling. Furthermore, Myc-induced production of 8-oxodG was inhibited 
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by pargyline, a monoamine oxidase LSD1 inhibitor in vivo, as well as by siRNA against LSD1 (Figures 5a  and b) .
To find a cause-effect relationship between induction of transcription by Myc and oxidation, we treated the cells with short pulses of the reducing agent N-acetylcysteine (NAC) and analyzed Ncl and Cad expression following Myc activation. Figure 5c shows that Myc induction of Ncl and Cad was abolished by NAC. Note that NAC does not influence demethylation of H3K9 or K4 (Perillo et al, 2008 , and data not shown). In addition, we carried out the complementary experiment: we inhibited demethylation with pargyline and treated the cells with low concentrations of H 2 O 2 . H 2 O 2 did not stimulate transcription per se, but reversed very efficiently pargyline inhibition of Ncl and Cad expression only in the presence of Myc (Figure 5d ). These data suggest that oxidation substitutes for H3K4me2 demethylation, providing that Myc is present on the target site.
Base excision repair enzymes are recruited to the transcription initiation complex induced by Myc DNA base oxidation produces 8-oxodG, which is recognized by the 8-oxoguanine-DNA glycosylase-1 (OGG1). This enzyme initiates the base excision repair to remove 8-oxodG lesions (Sidorenko et al, 2007) . To find signs of localized DNA oxidation induced by Myc, we immunoprecipitated the chromatin from Mycinduced cells with antibodies against OGG1 or 8-oxodG. We show that both 8-oxodG and OGG1 were engaged on Ncl (Figure 6 ) and Cad (Supplementary Figure 5) TSS and E-boxes concomitantly with Myc. As the apurinic site generated by OGG1 is further processed by the nuclease Ape1, which recognizes and cleaves the phosphodiester bond at the 5 0 end of the apurinic site (Tell et al., 2008) , we looked for its presence on the E-box and promoter sites following Myc activation. 
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S Amente et al leading to recruitment of OGG1 and Ape1 on E-box chromatin, we silenced LSD1 and analyzed OGG1 on E-box chromatin in the presence of OHT. Figure 7c shows that in the absence of LSD1, OGG1 is absent on the E-box chromatin although Myc is still bound (see Figure 3 ). These data indicate that LSD1 initiates the recruitment of oxidative repair enzymes on Myc targets and that this event is essential for the induction of transcription.
Discussion
Histone H3 K4 methylation cycles drive Myc induction of transcription Methylated H3K4 marks the promoter and the E-box chromatin in Myc-inducible genes. This configuration was found in a large-scale qChIP analysis of histone marks of Myc-target genes (Guccione et al., 2006; Zeller et al., 2006; Martinato et al., 2008) . On activation of Myc, H3K4 is rapidly and transiently demethylated by (Figure 2 ). In cells, exposed to Myc for 4 h, the H3K4 methylation profile is identical to that found in uninduced cells (Figures 1 and 2 , and Supplementary Figure 1) , whereas high levels of H4 acetylation are detectable on these regions. Thus, the wave of H3K4 demethylation occurs before changes in H4 acetylation. The enzyme responsible for demethylation of H3K4 is LSD1. LSD1 is a demethylase, whose chromatin association is extensively modulated by its interacting partners and local histone marks (Metzger et al., 2005; Perillo et al., 2008; Shi, 2007; Wissmann et al, 2007) . By interacting with diverse cofactors and catalyzing demethylation of mono-and di-methylated H3K4 or H3K9, LSD1 is capable of either repressing or activating target genes (Metzger and Schule, 2007; Shi 2007) . The demethylation of H3K4 induced by Myc is rapidly reversed after 60 0 ; 4 h after Myc induction H3K4 methylation profile is similar to control uninduced cells (Figure 2 ). Not only the H3 methylation marks after 4 h are similar to that found in uninduced state, but also LSD1-OGG1-Ape1 disappear from chromatin. H3K4 demethylation cycles, as well as the recruitment of the associated factors (LSD1/OGG1/Ape1), can be detected only under stringent synchronized conditions of transcription initiation. Thus, the stochastically desynchronized transcription might pose severe limitations in detecting early transcriptional events.
cAMP signals cooperate with Myc to induce transcription Serum is known to be an essential factor that amplifies Myc effects on transcription and proliferation (Frank et al., 2001; Schlosser et al., 2005) . We found that cAMP-PKA stimulates Myc-dependent transcription in the absence of serum and concomitantly increases Myc-LSD1 binding (Figure 4) . Interestingly, the catalytic subunit of PKA is also present in the Myc-LSD1 complex, and mutation of the putative PKA site at the N-terminus of LSD1 impairs Myc and LSD1 ability to activate transcription. We shall note that, in the absence of serum, Myc alone, with a slower kinetics, is still able to recruit LSD1 on the chromatin (Figure 4) . We speculate that the mechanism is still PKA dependent as it has been shown that Myc induces PKA catalytic subunit expression (Wu et al., 2002) . cAMP and PKA efficiently substitute for serum in stimulating LSD1 recruitment to the target chromatin. On the other hand, serum or cAMP does not substitute for Myc in the induction of transcription, as rat MycÀ/À cells do not activate transcription of Ncl and Cad (Supplementary Figure 5) . These data suggest a role of cAMP-PKA to achieve maximal Myc biological effects, and such cooperative function can be at least in part due to cAMP-mediated increase of LSD1-Myc functional and physical interaction.
Recruitment of DNA oxidation repair enzymes to the transcription initiation complex LSD1 catalyzes histone demethylation through an fFAD-dependent oxidative reaction. Local oxidation generated by LSD1 promotes modification of the Gs, producing 8-oxodG, which is recognized by OGG1. The oxidized site is further processed by Ape1, the nuclease that cleaves the apurinic site (3 0 -phospho-ab-unsaturated aldehyde) and generates the 3 0 -OH end primer suitable for repair (Tell et al., 2008; Mantha et al., 2008) . Our data provide evidence that both OGG1 and Ape1 are essential for Myc-mediated transcription, as their silencing inhibits the expression of Myc targets. Moreover, demethylation by LSD1 of H3K9me2 driving recruitment on target promoters of the thymine DNA glycosylase (Chen et al., 2003; Garcia-Bassets et al., 2007) and OGG1 (Perillo et al., 2008) has been reported to be required for estrogen-driven transcription. Furthermore, our data indicate that OGG1 recruitment of E-box chromatin requires functional LSD1 (Figure 7c ) and Ape1 occupancy on TSS and E-box sequences, 30 0 after Myc induction, do not overlap. Thus, OGG1 precedes at least by 30 0 Ape1 in the binding to the chromatin sites ( Figure 6 ). Ape1 may be important during the initiation process, because the introduction of nicks in the E-box chromatin and TSS might dynamically dissipate transcription-induced supercoiling Chattopadhyay et al., 2008) . Together, Ape1 may represent the physical link between transcription and repair as it recognizes the oxodG-OGG1 complex and targets positive RNAPII co-activators, such as p300 to the site (Bhakat et al., 2003a (Bhakat et al., , b, 2008 . Intriguingly, Ape1 has been reported as a Myc target (Guccione et al., 2006) and it will be of interest to investigate whether Myc is involved in its transcriptional activity. Finally, our data are consistent with a recent report showing that a base excision process involving the glycosylase, MBD4, and APE1 was essential for the hormonal control of transcription (Kim et al., 2009 ).
In conclusion, our data describe a mechanism underlying Myc-induced transcription that links histone H3 demethylation to oxidation and DNA repair. Myc recruits LSD1 to the target E-box chromatin and initiates with other factors, including serum or cAMP-PKA, the events that trigger transcription initiation. Although it remains to be seen whether this represents a specific case of a set of Myc-activated promoters or can be extended to all transcribed genes, we propose that Myc-induced genes use methylated H3K4 as basic signal for transient demethylation to trigger oxidation and to assemble the initiation complex.
Materials and methods
Cell culture and drugs Rat1 cells expressing a 4-hydroxytamoxifen (OHT)-inducible MycER chimera, Rat1 and rat MycÀ/À cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum. Cells were made quiescent by contact inhibition followed by serum removal for 2 days. To induce entry into the cycle, synchronized G0 arrested cells were treated with OHT (1 mM) alone or OHT plus serum or serum alone as indicated in the text and harvested at the indicated times. Pargyline treatment (3 mM): cells were pretreated for 24 h before OHT þ serum induction of Myc, collected after 4 h 0 with 4% paraformaldehyde in phosphatebuffered saline. The slides were then washed with TBS/ Tween-20 and permeabilized by serial washes in methanol solutions, before washing with TBS/Tween-20, blocked for 1 h at 37 1C and incubated with fluorescein isothiocyanate-labeled protein, which binds to 8-oxo-guanine, for 15 h at 4 1C (Biotrin OxyDNA Test, Biotrin, Dublin, Ireland). Cover slips were mounted in MoWiol (Sigma Aldrich, Milan, Italy) and viewed by fluorescence on a Zeiss axiomatic photomicroscope with a Â 63 objective (Oberkochen, Germany). As control, starved cells were treated with H 2 O 2 (100 mM, 15 0 ). For pargyline treatment (3mM), cells were pretreated for 24 h before OHT activation (45 0 ). For siRNA interference ONTARGETplus SMARTpool targeting LSD1 and Myc were used with the protocol described below. Cells were analyzed for 8-oxo-dG by fluorescence after OHT induction (45 0 ).
Transfections and siRNA
To carry out transient transfection experiments in Rat-MycER cells, we used MicroPorator Digital Bio Technology, a pipettetype electroporation (Seoul, Korea). Indicated plasmids, DNAs or siRNA were introduced into each 3 Â 10 6 dissociated cells in 100 ml volume according to the manufacturer's instructions. Pulse width was determined according to applied voltages: 1400V, 30 ms, 1 pulse. Electroporated cells were then seeded into 100-mm culture dishes containing 5 ml of culture media. After 5 h of recovery, the cells were serum deprived for 48 h. For siRNA treatments, ON-TARGETplus SMARTpool (L-105863-01) LSD1, (L-003282-00-0005) Myc, (L-093481-01) OGG1, (L-100326-01) Ape1 and ON-Targetplus ON-TARGETplus nontargeting pool (D-001810-10-5) were obtained from Dharmacon (Lafayette, CO, USA). A final concentration of 100 nM of the pools was used for each transfection. The expression of proteins was determined by western blot. In transfection experiments, 3 mg of LSD1wt (Perillo et al., 2008) or LSD1PKAmut, in which the LSD1 threonine 112 was substituted with alanine (AB et al., manuscript in preparation), expression vectors were transfected into Rat-MycER by electroporation. Cells were serum starved and at the times indicated in the text, cell extracts were prepared and immunoprecipitated with anti-Myc or control IgG. The IP material was analyzed by western blots with anti-Myc and anti-LSD1 antibodies.
mRNA quantification by qPCR cDNA was prepared from total RNA with Quantitect Reverse Transcription Kit (Qiagen, Milan, Italy) according to the manufacturer's instructions. Each sample was assayed in triplicate. Oligoprimers are described in Supplementary Methods. The qPCR data were normalized to the expression of the housekeeping b-glucuronidase (GUS) gene, and after normalization, the data were presented as fold change relative to the 0 point. qChIP qChIP experiments were carried out essentially as described (Frank et al., 2001; Gargano et al., 2007) and presented in the Supplementary Methods. Normal serum and input DNA values were used to subtract or normalize the values from qChIP samples by using: % Input ¼ 2 DCt Â 3; DCt ¼ Ct(input)-Ct(cIP) (Frank et al., 2001) . All qChIP data were derived from at least three independent experiments and for each experiment qPCR was carried out in triplicate.
Statistical analysis
All qChIP data are presented as means of three independent biological experiments each analyzed by triplicate (qPCR ± s.d.). Statistical significance was determined using the matched pairs test. Student's t test was carried out for each pair of data separately. Po0.001 nonspecific versus specific antibody.
